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INTRODUCTION

THE COVERT RAPID EYE MOVEMENT (REM) SLEEP (C-REM) MODEL OF SLEEP MENTATION
1 STIPULATES THAT THE SLEEP ONSET (SO) PHASE OF SLEEP IS PARTICU-LARLY susceptible to covert activation of REM sleep processes responsible for vivid, dream-like imagery. This claim is based, in part, upon research that has found dream-like experiences among most normal subjects who are aroused from SO. [2] [3] [4] SO mentation shares many features with REM sleep mentation, including visual, auditory, and motor hallucinations; narrative structure; and bizarreness, 5 and it sometimes surpasses the frequency and length of REM mentation. 2, 3, 6, 7 Much of the mentation reported at SO (up to 76% depending upon electroencephalogram features) is clearly hallucinatory dreaming, as opposed to isolated scenes, flashes, or nonhallucinated images. 3 The claim is also based upon evidence that some physiologic measures of SO resemble those of REM sleep. Transient electromyogram suppressions and muscle twitches are observed at SO. Rapid eye movements (REMs) are less conspicuous than are slow eye movements (SEMs) at this time, but they are also observed. 3 Full-blown REM sleep is often observed at SO in both sleep-disordered and normal individuals, 8 in whom it is commonly referred to as SO REM or SOREM sleep. In related findings, the SEMs that are characteristic of some SO stage 2 are also frequently seen in REM sleep. 9 Reductions in delta electroencephalogram power, which regularly occur in REM sleep, have been observed by our group to occur at SO when REM propensity is increased by REMD. 10 More recently, Bódizs et al 11, 12 reported parahippocampal slow (1.5-3.0-Hz) activity at SO, activity that they had previously reported 13 to be exclusive to REM sleep. They suggested that their SO results specifically support the C-REM model.
Together, phenomenologic and physiologic findings are consistent with the assertion of the C-REM model that SO is a brief window during which REM sleep-related processes may be covertly activated. Critics of the model 14 rightly point out that it lacks evidence linking physiologic findings with non-REM (NREM) sleep mentation (see also Solms, 15, 16 Nielsen 1, 17 ). There is thus a need to evaluate possible relationships between covert REM sleep processes and dreaming outside of traditionally defined REM sleep-what the present study was intended to do.
The specific objective of the work was to determine whether subjective attributes of SO mentation are directly influenced by experimentally increased REM sleep propensity. To this end, we partially deprived subjects of REM sleep and examined whether the resulting increase in REM pressure affected their ratings of REM mentation on the same night and SO mentation on the next night, compared with subjects who were not REMD. We hypothe- Interventions: On Night 2, half were and half were not partially REM sleep-deprived (REMD), recalled REM mentation, and rated it for dreamlike quality (DLQ), sleepiness, and sensory attributes. On Night 3, all were awakened from SO substages 4 and 5 for mentation reports and further ratings. REMD measures were derived from scored sleep tracings. Measurements and Results: REMD produced increases in DLQ for both REM and SO reports (P < .05); DLQ scores were higher for REM than for SO mentation (P < .001). Covarying sleepiness preserved the (REMD) effect but abolished the REM/SO difference. Whereas 2 sensory attributes (presence of self, visual intensity) tended to distinguish the REM-mentation reports of REMD and control subjects, only 1, self-movement, distinguished their SO mentation reports (P < .06). Multiple regression revealed that increased DLQ of both REM and SO mentation was associated with increased sleepiness and decreased REM sleep time on Night 2. Conclusions: SO mentation responds to REMD much like REM mentation does, a finding consistent with other work supporting the notion of covert REM-sleep processes at SO. DLQ may be mediated by both increases in REM-sleep propensity and a circadian process indexed by sleepiness ratings. sized that partially REM-deprived subjects would attribute higher DLQ scores to both REM and SO mentation and that DLQ would be related, in a dose-response fashion, to physiologic indicators of REM sleep propensity.
To assess SO mentation, we adapted Hori et al's 18 method of awakening subjects from SO stages to sample mentation. In our previous use of this method, 19 we found that when subjects in a seated position reported SO mentation, over 90% of it occurred in Hori stages 4 and 5. Hori stage 4 is characterized by a sustained drop in alpha oscillations, whereas stage 5 consists of reduced alpha with additional, sporadic, low-voltage theta waves. Similar reductions of alpha preceding hypnagogic mentation have been reported previously.
20,21
METHODS
Subjects
Twenty-seven healthy paid volunteers, 14 women and 13 men (aged 18-41 years, mean = 24.78; SD = 6.07),who were recruited by media advertisements and word of mouth, participated. They reported no serious psychiatric, medical, or sleep disturbances. However, 1 subject was excluded from all analyses because he both experienced a nightmare on Night 1 and exhibited constant paranoid ideation. Four subjects were excluded from group comparisons but not from regression analyses because of technical difficulties; they were either not properly REM deprived (1 subject) or inadvertently REM deprived (3 subjects).
Procedures
Subjects slept 3 consecutive nights in a quiet, electrically shielded room containing a single bed. An video camera, microphone, and intercom system were used to maintain visual and voice contact at all times. The first recording night was for habituation to the laboratory, and subjects slept undisturbed.
REM Deprivation and REM-Mentation Sampling
On the second night, each subject was randomly assigned to either a REM-deprivation REMD or a control group. Prior to lights out, each was instructed that, upon awakening, he or she should first report the last thing that was going though his or her mind, then report everything else prior to it. The REMD group (n=15) was allowed to sleep normally through the first and second REM episodes (skipped first REM episodes were nevertheless counted) and then were awakened when 5 minutes of REM sleep had elapsed in each subsequent REM episode. Skipped first REM periods were defined as an absence of REM sleep between the first and second slow-wave sleep periods, i.e., ascending Stage 2 sleep occurring approximately 90 minutes after SO and ending with a second entry into stage 3 or 4 sleep. Subjects were awakened by an 80-dB, 500-Hz, 0.5-second tone. The lights were turned on, and subjects were asked by intercom: "Please describe the very last thing that was going through your mind before you were awakened". If a subject stopped talking for more than 30 seconds, or indicated that the verbal report was complete, he or she was asked: 'Is there anything else you would like to add?' When the verbal report was completed, subjects were asked to respond verbally to several scales characterizing their mentation. The visual intensity measure required responses on a 9-point scale where 1 indicated "not at all intense" and 9 indicated "extremely intense". The auditory imagery, presence of self, self-movement, and movement of others measures were binary (no/yes). Ratings (1 to 9 scale) on the key dependent measure, DLQ, were prompted with the following question: "Apart from its length, how much like a real dream was the experience?" Sleepiness ratings (1=not at all to 9=very much) were elicited by asking subjects how much they felt asleep during their preawakening experience.
Subjects were kept awake for a minimum of 10 minutes on each awakening, regardless of whether they could recall any mentation. In most cases, the verbal report and ratings required more than 10 minutes to complete. For the remaining cases, subjects were told to lie in bed without falling asleep while a technician simulated typical technical adjustments. Alpha activity was closely monitored on the electroencephalogram at this time to ensure compliance. Responses were recorded on tape and later transcribed. Subjects were allowed to return home after the recording session, and they were specifically instructed not to nap during the day.
Subjects in the control group (n= 12) were treated exactly as those in the REMD group except they were awakened only after 20 minutes of REM sleep had elapsed in each REM episode. REM episodes of less than 20 minutes were left undisturbed.
Sleep Onset Sampling
On the third recording night, all subjects were awakened multiple times from Hori SO stages 4 and 5 after an experimenter trained in identifying Hori stages determined visually that at least 5 seconds of each stage had elapsed. For stage 4 epochs, there was a drop in alpha characterized by 5 seconds of continuous and uninterrupted activity of less than 20 μV in C3 and C4. For stage-5 epochs, there were 5 seconds of continuous and uninterrupted low-voltage theta-wave bursts between 20 μV and 50 μV. Subjects were awakened with an 80-dB, 100-millisecond tone. To avoid habituation, 12 novel prerecorded tones with different timbers and frequencies were applied and counterbalanced between subjects.
After tone presentation, the lights were turned on, and subjects were asked by intercom "Please describe the very last thing that was going through your mind before you heard the tone". They then responded to the same set of rating scales used on Night 2 and were allowed to drift off to sleep again. This procedure was repeated for a maximum of 10 awakenings or until 2 hours had elapsed since first lights out.
All collected reports were scored "yes or no" according to whether or not imagery and cognitive activity were present. Imagery was considered present if subjects' ratings for any of the experiential characteristics (visual intensity, auditory imagery, presence of self, self-movement, and movement of others) were not 0. Cognitive activity was considered present if subjects described mental activity using any of the following terms: thinking, thoughts, asking self, telling self, evaluating, reminiscing, going through head, or song in head. These terms were derived both from criteria used in previous studies and from a blinded judge's reading of the mentation transcripts.
Recording Apparatus
Subjects were recorded with an electrode montage of 19 standard 10-20 electroencephalogram channels, 4 electrooculogram channels (left/right, vertical/horizontal), and 1 electromyogram channel (submental). All-night recordings were made using a Grass Model 12 Neurodata Acquisition System (-6 dB filters with cutoffs at 0.30 [time constant 0.4 seconds] and 100 Hz) and archived under the control of Harmonie version 5.4 software. All signals were sampled at 256 Hz; electroencephalogram signals were referenced to A1 and re-referenced offline to A1+A2.
REM Sleep Deprivation Variables
Sleep tracings were scored by an experienced polysomnography technician using the standard sleep staging criteria 23 and then analyzed by a custom software that calculated the following REM sleep parameters: REM latency (time from SO to first REM period); REM time, in minutes (number of minutes per night scored as REM); REM time, percentage (percentage of minutes/total sleep time scored as REM); REM efficiency (REM period length/total sleep time); number of REM periods (number of REM periods per night); NREM in REM periods (number of minutes per night scored as NREM within REM periods); and wake in REM (number of minutes per night scored as awake within REM periods).
Statistical Analyses
Mentation ratings for multiple REM sleep and SO mentation reports were averaged separately within subjects, and the averages were used for statistical comparison. Binary variables for mentation qualities (eg, presence of self, self-movement) were thereby transformed into proportions and treated as continuous variables. The effects of REMD on mentation ratings were assessed with a combination of analysis of variance, analysis of covariance, multivariate analyses of variance, and t-tests with Group (REMD, control) as a fixed independent variable, NightStage (N2-REM, N3-SO as a repeated-measure variable, and Sleepiness scores for REM and SO reports as covariates. The latter were indicated by high observed correlations between Sleepiness and DLQ scores for both types of reports and the likelihood that Sleepiness reflected intrasubject and intersubject differences in time of night of mentation reports (eg, a circadian influence on sleep mentation; see Nielsen 22 for review). Dose-response relationships were assessed with stepwise multiple regression analyses using DLQ as the dependent measure separately for the REM and SO mentation scores. SPSS 10.0 (SPSS, Inc., Chicago, IL) was used to perform all tests.
RESULTS
REM Deprivation and REM Rebound
Technician scoring of the sleep tracings revealed 7 awakenings for which intervals of awake or Stage 1 or 2 sleep had occurred between the end of the REM period and the experimental awakening. These awakenings were dropped from further analysis. Subjects in the REMD group were awakened on average after 4.68±1.37 minutes of REM sleep in each N2 REM period; subjects in the control group were awakened on average after 23.90±3.08 minutes of REM sleep (t 21 =19.57, P<.0000001). More REM awakenings were performed for the REMD group (44 total; range: 1-6; mean=3.67±2.24) than for the control group (25 total; range: 1-4; mean=2.27±0.62; t 21 =2.76, P=.023).
As shown in Figure 1 , a 2 × 3 Group (REMD, control) × Night 
REM Sleep and Sleep Onset Mentation
REMD and control groups did not differ in the average number of awakenings performed per subject that were SO stage
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REM Deprivation Effects on Sleep Mentation -Nielsen et al =3 .270, P=.085). In both cases, scores were higher for the REMD (mean=1.15±0.07, 6.48±1.79, respectively) than the control (mean=1.03±0.07 5.05±1.99) group. The sleepiness covariate attenuated the latter (P=.145) but not the former (P=.088) effect.
Dose-Response Relationships Between REM Sleep Deprived and Dream-Like Quality
Correlational relationships between degree of REMD and magnitude of DLQ were assessed with stepwise multiple regression analyses using DLQ scores for N2-REM and N3-SO reports separately. Due to the modest sample size (N=27), the regressions were run in 3 steps: (1) REM variables for Night 1, (2) REM variables for Night 2, and (3) significant predictor variables from steps 1 and 2 combined with Night 1-Night 2 composite variables. The 3 sets of REM variables were as follows: 1) Night 1: REM latency N1, REM time (minutes) N1, REM efficiency N1, Number of REM periods N1, NREM in REM periods N1, Wake in REM periods N1
2) Night 2: REM latency N2, REM time (minutes) N2, REM efficiency N2, Number of REM periods N2, NREM in REM periods N2, Wake in REM periods N2
3) Composite variables: Sleepiness, REM time (minutes) N1+N2, REM time (minutes) decrease N1 to N2, REM rebound percentage (REM time (N3-N1)/N1*100) plus significant predictors from steps 1 and 2.
For both N3-SO and N2-REM reports, the same 2 variables, Sleepiness and REM time on Night 2, survived the 3 regressions. The solution for N3-SO (F 2,24 =13.392, P=.0001, R=0.726) accounted for 53% of the variance in DLQ scores. Increased sleepiness was the most sensitive predictor (R 2 =0.400, F 1,25 =16.700, P=.0004, β=0.579), followed by a diminution in REM time on Night 2 (R 2 change=0.127, F 1,24 =6.446, P=.0180, β=-0.360). Similarly, the solution for N2-REM reports (F 2,24 =20.399, P=.000007, R=0.793) accounted for 63% of the variance in DLQ scores and, again, increased sleepiness was the most sensitive predictor (R 2 =0.649, F 1,25 =18.180, P=.0003, β=0.628), followed by decreased REM time on Night 2 (R 2 change=0.209, F 1,24 =13.516, P=.0012, β=-0.457). Scatter plots of these relationships and their zero-order regression fits are shown in Figure 3 . In brief, for both SO and REM sleep mentation, DLQ scores increased as sleepiness during the mentation increased and REM time on the deprivation night decreased. A large effect for Night-Stage (P=.0005) was abolished by covarying sleepiness scores; a large effect for Group (P=.005) was not. The Group main effect was obtained for both Night 2 REM sleep reports (**P < .001) and Night 3 sleep onset reports (*P < .05). 
Night-Stage
DISCUSSION
Support for the C-REM Model
Results support the predictions of the C-REM model in demonstrating (1) that experimental REMD increases the DLQ of imagery occurring at SO-a state traditionally considered to be NREM sleep 23 and (2) that the same measure of REM deprivation is positively correlated with DLQ imagery scores for both SO and REM sleep mentation.
The finding of a modest REM sleep rebound on Night 3 relative to Night 1 suggests that partial REM deprivation may have produced an increase in REM propensity that in turn increased the DLQ of REM sleep mentation occurring on the same night and then carried over to influence, to a somewhat lesser extent, SO mentation occurring on the next night. This effect is independent of a subject's sleepiness; in fact, when sleepiness was controlled, DLQ ratings of REM and SO mentation were no longer significantly different, whereas the effect of REM deprivation on DLQ was maintained. The parallel results for REM and SO mentation in response to REMD would be expected if the 2 types of mentation were both related to REM sleep processes-which is what is stipulated by the C-REM model.
The findings thus add phenomenologic observations to accumulating physiologic evidence that SO involves a brief activation of processes linked to REM sleep. First, Werth and colleagues 24 found that muscle atonia, a defining feature of REM sleep, can occur in all NREM sleep stages, but especially at SO and in NREM sleep that leads up to and follows a REM episode. The measure is exceptionally sensitive to variations in REM deprivation, lead-
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REM Deprivation Effects on Sleep Mentation -Nielsen et al ing the authors to suggest that it may comprise the best available biomarker of REM propensity. In the present study, the sensitivity of the DLQ measure to REM deprivation suggests that it too may have some future utility as a REM-propensity marker. Second, Bódizs et al 11, 12 demonstrated in epileptic patients, with recordings from foramen ovale electrodes (and validated by simultaneous electroencephalogram recordings from temporolateral leads), that SO is characterized by brief intervals of a decrease in alpha power followed by transient increases in REM sleep-related, parahippocampal slow (1.5-to 3.0-Hz) activity. The occurrence during REM sleep of this parahippocampal slow activity was clearly demonstrated by the same authors in a previous study. 13 Our own findings 19 and those of others 18, 25 confirm the observed drop in alpha power at SO and, together with other recent observations, [26] [27] [28] suggest that alpha decreases may well be a pan-stage biomarker of sleep mentation recall. Further, in parallel analyses on the same SO data set, we also observed a decrease in anterior delta (0.5 to 4.0-Hz) power following REM sleep-deprivation. 10 Reduced anterior delta power is also a robust correlate of REM sleep and, at SO, appears different in timing and topography from the 1.5-to 3.0-Hz parahippocampal (temporolateral) power observed by Bódizs et al.
In sum, our present findings add to previous findings the fact that sleepiness-corrected DLQ ratings of SO mentation are on par with those of normal REM sleep mentation and that DLQ responds to REM deprivation in a dose-response manner. In short, DLQ behaves in a manner similar to other markers of REM propensity and/or C-REM processes reviewed above.
The Nature of Dream-Like Quality
While DLQ scores were sensitive to graded increases in REMD, our expectation that sensory qualities of mentation would also discriminate REMD and control reports was confirmed for REM sleep mentation but, to a much lesser extent, for SO mentation. Two of our 5 measures of sensory content (presence of self, visual intensity) were marginally increased by REM deprivation in REM reports on the deprivation night but not in SO reports on the following night. On the other hand, one difference in sensory quality, self-movement, was more frequent among REMD than among control subjects (P=.060) in SO mentation. Self-movement and kinesthetic imagery, more generally, have been considered to be a defining attribute of dream experience and was previously of considerable interest in relation to Rorschach M (human movement) responses 29, 30 in early efforts to model the neurophysiology of REM sleep and dreaming 31 and in attempts to identify the central defining features of dream phenomenology. 32 However, in our results, we found no evidence of a correlation between DLQ and self-movement scores for SO mentation (r=-0.023, P=.92), leaving the nature of the relationship between these 2 measures uncertain. Further, correlations between DLQ and the other phenomenologic measures of SO mentation were at best marginal (visual intensity: r=0.339, P=.114; auditory intensity: r=0.336, P=.117), whereas several between DLQ and REM mentation were significant (visual intensity: r=0.763, P=.00002; auditory intensity: r=0.446, P=.033; self-presence: r=-0.571, P=.004).
These results raise the question of whether DLQ of SO mentation is, in fact, based upon judgments about the sensory nature of imagery as it appears to be for REM mentation. DLQ in this sleep stage may depend more upon other attributes commonly assessed in sleep mentation, such as bizarreness, complexity, story-like quality, apparent immersion, hallucinatory quality, time estimation, or a sense of physical or psychological isolation from the laboratory. Further evaluation of our mentation reports with these types of rating scales might shed more light on such possibilities and on the question of which REM sleep-related mnemonic processes may be activated during SO by the REM-deprivation procedure. Finally, the use of within-subject average scores in the present study may have masked relationships between these variables.
Predictors of Dream-Like Quality
The regression analyses revealed that DLQ for REM and SO mentation are both predicted by increased sleepiness on the one hand and decreased REM sleep time on the other. While the significance of sleepiness ratings in this protocol is still uncertain, one possibility is that they reflect increasing sleep propensity that is modulated by either our REM sleep-deprivation procedure, a circadian clock, or some combination of these factors. The fact that sleepiness was not highly correlated with our principal REM sleep-deprivation measure, REM time on Night 2 (r=-.175, P=.425) fails to support the former possibility. However, the possibility of circadian modulation is consistent with the finding that a robust difference in DLQ between (early night) SO mentation and (later night) REM sleep mentation was abolished by covarying sleepiness scores. There is, in fact, accumulating evidence that dreaming attributes such as DLQ are regulated by circadian pacemakers (see review 22 ). If so, the present findings suggest that DLQ may be a function of both circadian-dependent and REM sleep propensity processes.
